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(57) ABSTRACT

In a display apparatus, a first substrate includes a plurality of
pixels and a plurality of first signal lines connected to the
pixels. A second substrate includes a plurality of sensors and
aplurality of second signal lines connected to the sensors and
extended in a direction in which the first signal lines are
extended. Each of the second signal lines is disposed between
two first signal lines adjacent to each other and disposed
closer to a center line, which divides an area between the two
first signal lines into two portions, than the two first signal
lines. Thus, signal interference between the first and second
signal lines may be reduced, thereby preventing mis-opera-
tion or malfunction of the display apparatus.
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1
DISPLAY APPARATUS WITH REDUCED
SIGNAL INTERFERENCE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2011-0038610 filed on
Apr. 25, 2011, which is hereby incorporated herein by refer-
ence for all purposes as if fully set forth herein.

BACKGROUND

1. Field of the Invention

Exemplary embodiments of the present invention relate to
a display apparatus. More particularly, the present invention
relates to a display apparatus capable of preventing mis-
operation or malfunction due to signal interference in a dis-
play panel in which a sensor is built.

2. Description of the Background

Recently, a display apparatus including a touch panel has
been widely adopted since separate input devices, such as a
keyboard and a mouse, are no longer required to operate the
display apparatus.

A touch panel has been used in a liquid crystal display to
detect touch events by a user. However, when the touch panel
is provided separately from the display panel, optical prop-
erties of the liquid crystal display, such as brightness, visibil-
ity and viewing angle, may be deteriorated, consequently the
whole thickness of the display is increased by the thickness of
the touch panel that may cause a malfunction by signal inter-
ference by touch sensors.

Thus, there is a need for an approach to provide a liquid
crystal display capable of eliminating signal interferences
between the display panel and the touch panel.

SUMMARY

Exemplary embodiments of the present invention provide a
display apparatus capable of preventing mis-operation or
malfunction due to signal interference in a display panel in
which a sensor is built.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

Exemplary embodiments of the present invention disclose
a display apparatus. The display apparatus includes a sub-
strate comprising a first substrate and a second substrate. The
first substrate includes a plurality of pixels and a plurality of
first signal lines connected to the pixels. And the second
substrate includes a plurality of sensors and a plurality of
second signal lines connected to the sensors and extended in
a direction in which the first signal lines are extended. The
second substrate is coupled to the first substrate. And each of
the second signal lines is disposed between two of the first
signal lines being adjacent to each other, and is disposed at a
position closer to a center line between the two of the first
signal lines than the two of the first signal lines, wherein the
two of the first signal lines are divided by the center line.

Exemplary embodiments of the present invention disclose
an apparatus. The apparatus includes a first substrate includ-
ing a plurality of pixels, a plurality of gate lines configured to
turn on the pixels in at least one row unit, and a plurality of
data lines configured to apply a data signal to the pixels being
tuned on. The apparatus comprises a second substrate includ-
ing a plurality of sensors, a plurality of scan lines configured
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to turn on the sensors in at least one row unit, and a plurality
of readout lines configured to read out a signal detected from
the sensors being turned on. And each of the readout lines is
disposed between two of the data lines being adjacent to each
other, and is disposed at a position closer to a center line
between the two of the data lines than the two of'the data lines,
wherein the two of the data lines are divided by the center line.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
exemplary embodiments of the invention, and together with
the description serve to explain the principles of the inven-
tion.

FIG. 1 is a block diagram showing a display apparatus
according to exemplary embodiments of the present inven-
tion.

FIG. 2 is a circuit diagram showing a plurality of sensors
shown in FIG. 1.

FIG. 3 is a cross-sectional view showing a display panel
according to exemplary embodiments of the present inven-
tion.

FIG. 4 is a plan view showing a layout of a second substrate
according to exemplary embodiments of the present inven-
tion;

FIG. 5A is an enlarged view showing a first sensor shown
in FIG. 4.

FIG. 5B is an enlarged view showing a second sensor
shown in FIG. 4.

FIG. 6 is a plan view showing a position relation between
readout lines and data lines.

FIG. 7 is a cross-sectional view taken along a line I-I'
shown in FIG. 6.

FIG. 8is a plan view showing a layout of a second substrate
according to exemplary embodiments of the present inven-
tion.

FIG. 9 is a cross-sectional view showing a display appara-
tus according to exemplary embodiments of the present
invention.

DETAILED DESCRIPTION

The invention is described more fully hereinafter with ref-
erenceto the accompanying drawings, in which embodiments
of'the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
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like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although numerical terms such
as first, second and third may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or sec-
tions should not be limited by these terms. These terms are
merely used to specify a sequence of an element, a compo-
nent, a region, a layer or a section from another region, layer
or section.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for illustration of elements or spatial relationship with respect
to one element or feature’s relationship to another element(s)
or feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms may be intended to encompass
different orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” other elements or features
would then be oriented “above” the other elements or fea-
tures. Thus, the exemplary term “below” may encompass
both an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative terms used herein may be
interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms,
“a”, “an” and “the” may include the plural forms as well,
unless the context clearly indicates otherwise.

Hereinafter, exemplary embodiments of the present inven-
tion will be explained in detail with reference to the accom-
panying drawings.

FIG. 1 is a block diagram showing a display apparatus
according to exemplary embodiments of the present inven-
tion, and FIG. 2 is a circuit diagram showing a plurality of
sensors shown in FIG. 1.

Referring to FIG. 1, for example, a display apparatus 200
includes a display panel 100, a timing controller 130, a gate
driver 140, a data driver 150, a scan driver 160, and a readout
circuit 170.

The timing controller 130 receives a plurality of image
signals RGB and a plurality of control signals CS from an
external source of the display apparatus 200. The timing
controller 130 converts a data format of the image signals
RGB into a data format appropriate to an interface between
the data driver 150 and the timing controller 130 and provides
the converted image signals R'G'B' to the data driver 150. In
addition, the timing controller 130 applies data control sig-
nals, such as an output start signal TP, for example, a hori-
zontal start signal STH and a polarity inversion signal POL to
the data driver 150, and applies gate control signals, such as a
first start signal STV, a first clock signal CK1, and a second
clock signal CKB1 to the gate driver 140.

The gate driver 140 sequentially outputs gate signals G1 to
Gn in response to the gate control signals STV1, CK1, and
CKB1 provided from the timing controller 130.

The data driver 150 converts the image signals R'G'B' into
data voltages D1 to Dm in response to the data control signals
TP, STH, and POL provided from the timing controller 130.
The data voltages D1 to Dm are applied to the display panel
100.

The display panel 100 includes a first substrate 110, a
second substrate 120 facing the first substrate 110, and a
liquid crystal layer (not shown) disposed between the first
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substrate 110 and the second substrate 120. The first substrate
110 includes a plurality of pixels PX and the second substrate
120 includes a plurality of sensors SN.

It is noted that since the pixels PX have the same structure
and function, one pixel will be described in detail as a repre-
sentative example.

For example, the first substrate 110 may include a plurality
of'gate lines GL1to GLn, a plurality of data lines DL.1 to DLLm
crossing the gate lines GL.1 to GLn, and a plurality of pixels
PX. Each of the pixels PX includes a thin film transistor (not
shown) and a pixel electrode (not shown). The thin film tran-
sistor includes a gate electrode connected to a corresponding
gate line of the gate lines GL.1 to GLn, a source electrode
connected to a corresponding data line of the data lines DL.1
to DLm, and a drain electrode connected to the pixel elec-
trode.

The gate lines GL.1 to GLn are connected to the gate driver
140 and the data lines DL1 to DLm are connected to the data
driver 150. The gate lines GL.1 to GLn receive the gate signals
G1 to Gn applied from the gate driver 140 and the data lines
DL1 to DLm receive the data voltages D1 to Dm applied from
the data driver 150.

Accordingly, the thin film transistor in each pixel PX is
turned on in response to the gate signal applied through the
corresponding gate line so that the data voltage applied
through the corresponding data line may be applied to the
pixel electrode through the turned-on thin film transistor.

For example, the second substrate 120 further includes a
reference electrode facing the pixel electrode while interpos-
ing the liquid crystal layer between the pixel electrode and the
reference electrode.

In addition, for example, the second substrate 120 further
includes a plurality of scan lines SLL1 to SLi and a plurality of
readout lines RL.1 to RLj crossing the scan lines SL.1 to SLi.

For the convenience of explanation, first and second scan
lines SL.1 and SL.2 among the scan lines SL.1 to SLi and first
to fourth readout lines RL1, RL.2, RL.3, and R[.4 among the
readout lines RL1 to RLj have been shown in FIG. 2.

Referring to FIG. 2, the sensors SN may include at least
two kinds of sensors. For example, the sensors SN may
include a plurality of first sensors SN1 to detect a first light
having an infrared ray wavelength range and a plurality of
second sensors SN2 to detect a second light having a visible
ray wavelength range.

Each of the first sensors SN1 includes a first switching
transistor SWT1, a first sensor transistor IRT, and a first
capacitor Cg, according to exemplary embodiments. For
example, the first switching transistor SWT1 includes a gate
electrode connected to a corresponding scan line of the scan
lines SL.1 to SLi, a source electrode connected to a corre-
sponding readout line of the readout lines RL1 to RLj, and a
drain electrode connected to the first capacitor Cg, and the
first sensor transistor IRT.

The first capacitor C, may include a first electrode con-
nected to the drain electrode of the first switching transistor
SWT1 and a second electrode applied with a first bias voltage
V.. For example, the first bias voltage Vz, may be about
-8.75 volts.

The first sensor transistor IRT may include a gate electrode
applied with a second bias voltage V,, a source electrode
connected to the drain electrode of the first switching transis-
tor SWT1, and a drain electrode applied with the first bias
voltage V. The second bias voltage V5, has a voltage level
lower than that of the first bias voltage V5, . For example, the
second bias voltage V5, may be about -13.75 volts.

For example, each of the second sensors SN2 includes a
second switching transistor SWT2, a second sensor transistor
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VST, and a second capacitor Cg,. The second switching tran-
sistor SWT2 includes a gate electrode connected to a corre-
sponding scan line of the scan lines SL1 to SLi, a source
electrode connected to a corresponding readout line of the
readout lines RL1 to RLj, and a drain electrode connected to
the second capacitor Cg, and the second sensor transistor
VST.

The second capacitor Cg, may include a first electrode
connected to the drain electrode of the second switching
transistor SWT2 and a second electrode applied with the first
bias voltage V.

The second sensor transistor VST may include a gate elec-
trode applied with the second bias voltage V,, a source
electrode connected to the drain electrode of the second
switching transistor SWT2, and a drain electrode applied with
the first bias voltage V5, . The second bias voltage V z, has the
voltage level lower than that of the first bias voltage V.

For example, the scan lines SL.1 to SLi are connected to the
scan driver 160 to sequentially receive scan signals S1 to Si.
The scan driver 160 receives scan control signals (i.e., second
start signal STV2, and third clock signal and fourth clock
signal CK2 and CKB2) from the timing controller 130 and
sequentially outputs the scan signals S1 to Si. The scan con-
trol signals STV2, CK2, and CKB2 may be synchronized
with the gate control signals STV1, CK1, and CKBI1.

For example, the readout lines RL.1 to RLj are connected to
the readout circuit 170 to apply voltages charged in corre-
sponding first and second sensors SN1 and SN2 to the readout
circuit 170.

As shown in FIG. 2, the first sensor SN1 and the second
sensor SN2 are alternately arranged with each other in a row
direction in which the scan lines SL1 to SLi are extended and
alternately arranged with each other in a column direction in
which the readout lines RL.1 to RIj are extended.

For example, a (4k-3)th readout line (i.e., the first readout
line RLL1 in FIG. 2) and a 4k-th readout line (i.e., the fourth
readout line R4 in FIG. 2) among the readout lines RLL1 to
RL;j are connected to the first sensors SN1. In this example,
the “k” is a natural number equal to or larger than 1. For
example, among the readout lines RL.1 to RLj, a (4k-2)th
readout line (i.e., the second readout line R[.2 in FIG. 2) and
a (4k-1)threadout line (i.e., the third readout line RL3 in FIG.
2) are connected to the second sensors SN2.

Hereinafter, the method of driving the first and second
sensors SN1 and SN2 will be described in detail.

The readout circuit 170 applies a predetermined voltage,
e.g., about 1 volt, to the readout lines RL.1 to RL,j. When a
gate-on signal is applied to one of the scan lines SL.1 to SLito
turn on the first and second switching transistors SWT1 and
SWT2, the first switching transistor SWT1 and the second
switching transistor SWT2 output the voltage of about 1 volt
from the readout circuit 170 to the first capacitor Cg, and the
second capacitor and Cg,. Accordingly, the first capacitor Cg,;
and the second capacitor Cg,, which are respectively con-
nected to the first switching transistor SWT1 and second
switching transistor SWT2, receive the voltage of about 1 volt
through a first electrode thereof. In this example, when a
source bias voltage Vs of about -4 volts is applied to a second
electrode of the first capacitor Cg, and the second capacitors
Cs,, the first capacitor Cg, and the second capacitors Cg, are
charged with a voltage of about 5 volts.

When first and second lights are not incident into the first
sensor transistor VST and the second sensor transistor and
IRT, respectively, the first transistor VST and the second
sensor transistor IRT are turned off. Thus, the first electrode of
the first capacitor Cg, and the second capacitor Cg, may be
maintained at the voltage of about 1 volt. In a next frame,
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although the first switching transistor SWT1 and the second
switching transistor SW'T2 are turned on by the gate-on signal
applied to the scan lines SL.1 to SLi, no voltage difference
occurs between the readout circuit 170 and the first electrode
of'the first capacitors Cg, and the second capacitors Cg,. Thus,
a current does not flow to the readout circuit 170 through the
readout lines RL1 to RL,j.

For example, when the first light and the second light are
incident into the first and second sensor transistors VST and
IRT, the first sensor transistor VST and the second sensor
transistor IRT are turned on. Electric charges charged in the
first capacitors Cg; and the second capacitor Cg, move
through the turned-on first sensor transistor VST and the
second sensor transistor IRT. As a result, an electric potential
of'the first electrode of the first capacitors Cg, and the second
capacitors Cg, may be varied.

Inthe case that the electric potential of the first electrode of
the first capacitor Cg, and the second capacitor Cg, is varied to
about 0.5 volts and the first switching transistor SWT1 and
the second switching transistor SWT2 are turned on by apply-
ing a next gate-on signal to the scan lines SL.1 to SLi, the
voltage difference of about 0.5 volts occurs between the read-
out circuit 170 and the first electrode of the first capacitor Cg,
and the second capacitor Cg,. Accordingly, the electric
charges may be drain through the readout lines RL1 to RIj.
The readout circuit 170 may include an integrator (not shown)
that integrates the electric charges provided through the read-
out lines RL1 to RLj and may measure an intensity of the light
incident into the first sensor SN1 and second sensor SN2
using the voltage corresponding to the amount of the electric
charges integrated in the integrator.

As the intensity of the first light and the second light
respectively incident into the first sensor transistor VST and
the second sensor transistor IRT increases, the variation of'the
electric potential of the first electrode of the first capacitor C,
and the second capacitor Cg, increases. Therefore, the voltage
difference between the readout circuit 170 and the first elec-
trode of the first capacitor C, and the second capacitor Cg, is
increased, and thus a value of the current flowing through the
readout lines RLL1 to RLj is increased. Accordingly, the read-
out circuit 170 may measure the voltage varied depending on
the intensity of the first and second lights respectively inci-
dent into the first and second sensor transistors VST and IRT.

Responsive to a readout control signal RCS from the tim-
ing controller 130, the readout circuit 170 charges the inte-
grator with the electric charges using the current provided
through the readout lines RL1 to RLj.

The readout circuit 170 sequentially applies voltages SS,
which correspond to the amount of the electric charges
charged in the integrator, to the timing controller 130 in
response to control signals from the timing controller 130.
The timing controller 130 may generate a two-dimensional
coordinate value indicating a touch position on a screen or
information about object scanned based on a time point at
which the scan signal is generated and the voltage provided
from the readout circuit 170.

FIG. 3 is a cross-sectional view showing a display panel
according to exemplary embodiments of the present inven-
tion.

Referring to FIG. 3, for example, the display panel 100
includes a first substrate 110, a second substrate 120 facing
the first substrate 110, and a liquid crystal layer 180 inter-
posed between the first substrate 110 and the second substrate
120.

The first substrate 110 includes a first base substrate 111
and a plurality of pixels PX disposed on the first base sub-
strate 111. The pixels PX are divided into a plurality of groups
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and each group may include three pixels PX. FIG. 3 shows six
pixels PX1 to PX6 arranged in a first direction. The six pixels
PX1, PX2, PX3, PX4, PX5 and PX6 have the same structure
and function. Accordingly, one pixel will be described in
detail as a representative example and detailed descriptions of
others will be omitted to avoid unnecessarily obscuring the
present invention.

For example, each pixel PX includes a thin film transistor
Trand a pixel electrode 115. In this example, a gate electrode
GE1 of the thin film transistor Tr is formed on the first base
substrate 111. The gate electrode GE1 is covered by a first
gate insulating layer 112.

Anactivelayer ACT1 and an ohmic contact layer ACT2 are
formed on the first gate insulating layer 112 to face the gate
electrode GE1. A source electrode SE1 and a drain electrode
DE1 are formed above the active layer ACT1 to be spaced
apart from each other. The source electrode SE1 and the drain
electrode DE1 are covered by a first protection layer 113 and
a first organic insulating layer 114 is further formed on the
first protection layer 113.

The first protection layer 113 and the first organic insulat-
ing layer 114 are provided with a first contact hole 114a
formed therethrough to expose the drain electrode DE1. The
pixel electrode 115 is formed on the first organic insulating
layer 114 and electrically connected to the drain electrode
DE1 through the first contact hole 114a.

For example, the second substrate 120 includes a second
base substrate 121, a plurality of sensors SN formed on the
second base substrate 121, a color filter layer 124 including a
plurality of color pixels R, G, and B respectively correspond-
ing to the pixels PX, and a reference electrode 127.

The sensors SN may be formed on the second base sub-
strate 121. The sensors SN may include a first sensor SN1 and
a second sensor SN2. The first sensor SN1 may include a first
switching transistor SWT1, a first capacitor Cg,, and a first
sensor transistor IRT. The second sensor SN2 includes a
second switching transistor SWT2, a second capacitor Cg,,
and a second sensor transistor VST.

According to exemplary embodiments, the first sensor SN1
and second sensor SN2 may have the substantially same
structure, and thus the first sensor SN1 and the second sensor
SN2 may be formed through the same process.

For example, gate electrodes GE2 and GE3 of the first
switching transistor SWT1 and the second switching transis-
tor SWT2 are formed on the second base substrate 121.

The gate electrodes GE2 and GE3 of the first switching
transistor SWT1 and the second switching transistor SWT2
are formed on a second gate insulating layer 122. A semicon-
ductor layer SEM1 of the first switching transistor SWT1 and
a semiconductor layer SEM2 of the second switching tran-
sistor SWT2 are formed on the second gate insulating layer
122. Each of the semiconductor layers SEM1 and SEM2 may
be an amorphous silicon layer.

For example, a first light sensing layer LSE1 of the first
sensor transistor IRT and a second light sensing layer LSE2 of
the second sensor transistor VST are formed on the second
gate insulating layer 122. The first light sensing layer LSE1
may be formed of'silicon germanium (SiGe) for the first light
having the infrared ray wavelength range and the second light
sensing layer LSE2 may be formed of amorphous silicon
(a-Si) having the visible ray wavelength range.

The second substrate 120 may further include an infrared
ray filter 128 to block the second light having the visible ray
wavelength range and to transmit the first light having the
infrared ray wavelength range. The infrared ray filter 128 may
be disposed between the second base substrate 121 and the
second insulating layer 122 to correspond to the first light
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sensing layer LSE1. As an example, the infrared ray filter 128
may be formed of silicon germanium (SiGe).

A source electrode SE2 and a drain electrode DE2 may be
formed above the semiconductor layer SEM1 of the first
switching transistor SWT1, and the source electrode SE2 and
the drain electrode DE2 are spaced apart from each other. For
example, a source electrode SE3 and a drain electrode DE3
are formed above the semiconductor layer SEM2 of the sec-
ond switching transistor SWT2 to be spaced apart from each
other. As a result, the first and second switching transistors
SWT1 and SWT2 may be completely formed.

For example, a source electrode SE4 and a drain electrode
DE4 are formed above the first light sensing layer LSE1 ofthe
first sensor transistor IRT such that the source electrode SE4
and the drain electrode DE4 are spaced apart from each other.
In addition, a source electrode SE5 and a drain electrode DE5S
are formed above the second light sensing layer LSE2 of the
second sensor transistor VST to be spaced apart from each
other.

According to exemplary embodiments, the source elec-
trode SE4 of the first sensor transistor IRT may be electrically
connected to the drain electrode DE2 of the first switching
transistor SWT1 and may serve as the first electrode of the
first capacitor Cg;.

In addition, the source electrode SES of the second sensor
transistor VST may be electrically connected to the drain
electrode DE3 of the second switching transistor SWT2 and
may serve as the first electrode of the second capacitor Cg,.

The source electrode SE2 and the drain electrode DE2 of
the first switching transistor SWT1, the source electrode SE3
and the drain electrode DE3 of the second switching transis-
tor SWT2, the source electrode SE4 and the drain electrode
DE4, and the source electrode SES and the drain electrode
DES of the second sensor transistor VST are covered by a
second protection layer 123.

A gate electrode TGE1 (hereinafter, referred to as afirst top
gate) of the first sensor transistor IRT and a gate electrode
TGE2 (hereinafter, referred to as a second top gate) of the
second sensor transistor VST are formed on the second pro-
tection layer 123.

For example, the second electrode of'the first capacitor Cg;
and the second electrode of the second capacitor Cg, are
formed on the second protection layer 123.

As an example, the first switching transistor SWT1 may
further include a dummy gate electrode TGE3 disposed on the
second protection layer 123 and electrically connected to the
gate electrode GE2. For example, the second switching tran-
sistor SWT2 may further include a dummy gate electrode
TGE4 disposed on the second protection layer 123 and elec-
trically connected to the gate electrode GE3.

As shown in FIG. 3, for example, the first top gate TGE1 of
the first sensor transistor IRT may be electrically connected to
the infrared ray filter 128. For example, a connection elec-
trode CE, which is formed by the same process as the gate
electrode GE2 of the first switching transistor SWT1, may be
disposed on the infrared ray filter 128. The second gate insu-
lating layer 122 and the second protection layer 123 are
provided with a second contact hole 1234 formed there-
through, and the first top gate TGE1 is electrically connected
to the connection electrode CE through the second contact
hole 123a.

The first top gate TGE1 and the second top gate TGE2 of
the first sensor transistor IRT and the second sensor transistor
VST and the dummy gate electrodes TGE3 and TGE4 of the
first switching transistor SWT1 and the second switching
transistor SWT2 may be covered by a second organic insu-
lating layer 124. The color filter layer 125 is formed on the
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second organic insulating layer 124. The color filter layer 125
may include red, green, and blue color pixels R, G, and B
corresponding to the pixels in one-to-one correspondence.

For example, an overcoating layer 126 is formed on the
color filter layer 125 and the reference electrode 127 is
formed on the overcoating layer 126.

FIG. 4 is a plan view showing a layout of the second
substrate according to exemplary embodiments of the present
invention, FIG. 5A is an enlarged view showing the first
sensor shown in FIG. 4, and FIG. 5B is an enlarged view
showing the second sensor shown in FIG. 4.

Referring to FIG. 4, for example, the second substrate 120
includes the first scan line SL.1 and the second scan line SL.2
extended in the first direction, the first readout line RLL1, the
second readout line RL2, the third readout line RL3 and the
fourth readout line RL4 extended in the second direction
substantially perpendicular to the first direction, and first bias
line BL1 and the second bias line BL.2 extended in the second
direction.

The first sensor SN1 and the second sensor SN2 are alter-
nately arranged in the first direction and the second direction.
As an example, the first readout line RL1 is connected to the
first sensors SN1 and the second readout line RL2 is con-
nected to the second sensors SN2. For example, the third
readout line RL3 is connected to the first sensors SN1 and the
fourth readout line RL4 is connected to the second sensors
SN2.

For example, the first bias line BL.1 receives a first bias
voltageV 5, from an exterior to apply the first bias voltage V5,
to the first sensor SN1 and the second sensor SN2. The second
bias line BL2 receives a second bias voltage Vz, lower than
the first bias voltage V, to apply the second bias voltage V5,
to the first sensor SN1 and the second sensor SN2.

When viewed in a plan view, the first bias line BL.1 and the
second bias line BL.2 are disposed between the first readout
line RL1 and the second readout line RL2 and between the
third readout line RL3 and the fourth readout line RL4. The
first bias line BL.1 and the second bias line BL.2 are spaced
apart from each other by a first distance d1 between the first
readout line RL1 and the second readout line RL2. For
example, the first readout line RL1 and the first bias line BL.1
are spaced apart from each other by a second distance d2
smaller than the first distance d1, and the second readout line
RL2 and the second bias line BL.2 are spaced apart from each
other by the second distance d2.

The first bias line BL1 and the second bias line BL2 are
spaced apart from each other by the first distance d1 between
the third readout line RL3 and the fourth readout line RL4. In
addition, the third readout line R1.3 and the first bias line BL.1
are spaced apart from each other by the second distance d2,
and the fourth readout line R4 and the second bias line BL.2
are spaced apart from each other by the second distance d2. In
the present exemplary embodiment, the second distance d2
may be about V2 of the first distance d1.

Meanwhile, the second substrate 120 further includes red,
green, and blue color pixels R, G, and B. For example, the red,
green, and blue color pixels R, G, and B are arranged in the
first direction in the order listed. In this example, the first bias
line BL1 is positioned at a boundary between the red color
pixel R and the green color pixel G, and the second bias line
BL2 is positioned at a boundary between the green color pixel
G and the blue color pixel B. The first readout line RI.1 and
the third readout line RL3 are disposed corresponding to the
red color pixel R, and the second readout line RL2 and the
fourth readout line R[4 are disposed corresponding to the
blue color pixel B.
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Table 1 shows exemplary brightness comparison results
measured for the readout lines which correspond to each of
the red color pixel and the blue color pixel, and for the readout
lines which do not correspond to the red pixel and the blue
pixel with respect to the display panel 100 having color repro-
ductivity of about 79.2%.

TABLE 1
Red color  Green color
pixel pixel Blue color pixel total
Brightness 60.4 226.4 264 313 nit
(comparison
example 1)
Brightness 19.3% 72.3% 8.4% 100%
contribution rate
Brightness 573 226.4 25.0 309 nit
(comparison
example 2)

As shown in Table 1, according to the comparison example
1 of which the readout lines do not correspond to the red color
pixel and the blue color pixel, each of the brightness ofthe red
color pixel, the green color pixel, and the blue color pixel is
about 60.4 nit, about 226.4 nit, and about 26.4 nit, respec-
tively.

However, the brightness contribution rate of the red color
pixel and the blue color pixel are remarkably lower than the
brightness contribution rate of the green color pixel. Accord-
ingly, although an aperture ratio of the red color pixel and the
blue color pixels is reduced of about 5% by the readout lines,
the total brightness is minutely reduced of about 4 nit.

For example, according to the comparison example 2 of
which the readout lines correspond to the red color pixel and
the blue color pixel, the brightness of the green color pixel is
not varied and brightness level of the red color pixel and the
blue color pixels is about 57.3 nit and about 25.0 nit, respec-
tively.

Thus, according to exemplary embodiments of the present
invention, it is contemplated that the readout lines are dis-
posed to correspond to the color pixels having relatively low
brightness contribution rate, thereby minimizing the reduc-
tion of the brightness.

As shown in FIG. 4, for example, the first readout line RL.1,
the second readout line RL2, the third readout line RL3, the
fourth readout line R[4 have a curved shape. However, at
least a portion of each of the first readout line RL.1 and the
third readout line RL3 is extended in the second direction to
be positioned corresponding to a first center line VL1 that
divides the red color pixel R into two portions. In addition, at
least a portion of each of the second readout line RL.2 and the
fourth readout line R14 is extended in the second direction to
be positioned corresponding to a second center line VL2 that
divides the blue color pixel B into two portions.

Referring to FIG. 5A, for example, each of the first sensors
SN1 includes the first switching transistor SWT1, the first
capacitor Cg,, and the first sensor transistor IRT.

The first switching transistor SWT1 includes the gate elec-
trode GE2 branched from the first scan line SL1, the semi-
conductor layer SEM1 disposed on the gate electrode GE2,
the source electrode SE2 branched from the first readout line
RL1, and the drain electrode DE2 spaced apart from the
source electrode SE2 above the semiconductor layer SEM1.
Accordingly, the first switching transistor SWT1 is turned on
in response to the scan signal applied from the first scan line
SL1 to output a predetermined signal to the first readout line
RL1.
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As an example, the first switching transistor SWT1 may
further include the first dummy gate electrode TGE3 disposed
on the source electrode SE2 and the drain electrode DE2 and
electrically connected to the gate electrode GE2. Thus, the
driving capability of the first switching transistor SWT1 may
be improved by the first dummy gate electrode TGE3.

For example, the first sensor transistor IRT includes the
first light sensing layer LSE1 for the first light having the
infrared ray wavelength range, the source electrode SE4
extended from the drain electrode DE2 of the first switching
transistor SWT1 and disposed on the first light sensing layer
LSE1, the drain electrode DE4 spaced apart from the source
electrode SE4 above the first light sensing layer LSE1, and the
first top gate TGE1 branched from the first bias line BL.1 and
disposed above the source electrode SE4 and the drain elec-
trode DE4. The first top gate TGE1 receives the first bias
voltage V5, through the first bias line BL1. The drain elec-
trode DE4 of the first sensor transistor IRT is electrically
connected to the second bias line BL2 to receive the second
bias voltage V,.

The first capacitor CS1 may include a first electrode Al
extended from the second bias line BL.2 and a second elec-
trode A2 extended from the source electrode SE4 of the first
sensor transistor IRT to face the first electrode Al.

The first sensor SN1 may further include the infrared ray
filter 128 disposed under the first light sensing layer LSE1 of
the first sensor transistor IRT to filter the light provided to the
first light sensing layer LSE1. The infrared ray filter 128
blocks the second light having the visible ray wavelength
range and transmits the first light having the infrared ray
wavelength range such that only the first light is provided to
the first light sensing layer LSE1.

As an example, the infrared ray filter 128 may be formed of
a semiconductor material such as silicon germanium (SiGe).
In this example, the infrared ray filter 128 may be electrically
connected to the first top gate TGE1. Since the infrared ray
filter 128 is electrically connected to the first top gate TGE1,
the infrared ray filter 128 may be used as the gate electrode of
the first sensor transistor IRT, thereby improving the driving
capability of the first sensor transistor IRT.

Referring to FIG. 5B, for example, each of the second
sensors SN2 includes the second switching transistor SWT2,
the second capacitor Cg,, and the second sensor transistor
VST.

The second switching transistor SWT2 may include the
gate electrode GE3 branched from the first scan line SL.1, the
semiconductor layer SEM2 disposed above the gate electrode
GE3, the source electrode SE3 branched from the second
readout line RL.2, and the drain electrode DE3 spaced apart
from the source electrode SE3 above the semiconductor layer
SEM2. Thus, the second switching transistor SWT?2 is turned
on in response to the scan signal applied from the first scan
line SI1 to output a predetermined signal to the second read-
out line RL2.

As an example, the second switching transistor SWT2 may
further include the second dummy gate electrode TGE4 dis-
posed above the source electrode SE3 and the drain electrode
DE3 and electrically connected to the gate electrode GE3.
Accordingly, the driving capability of the second switching
transistor SWT2 may be improved by the second dummy gate
electrode TGE4.

For example, the second capacitor CS2 may include a first
electrode A3 branched from the second bias line BL2 to
receive the second bias voltage V, and a second electrode A4
branched from the drain electrode DE3 of the second switch-
ing transistor SWT2 to face the first electrode A3.

10

15

20

25

30

35

40

45

50

55

60

65

12

For example, the second sensor transistor VST includes the
second light sensing layer L.SE2 for the second light having
the visible ray wavelength range, the source electrode SES
extended from the second electrode A4 of the second capaci-
tor Cg, and disposed above the second light sensing layer
LSE2, the drain electrode DES5 spaced apart from the source
electrode SES above the second light sensing layer LSE2, and
the second top gate TGE2 branched from the first bias line
BL1 and disposed above the source electrode SES and the
drain electrode DES. The second top gate TGE2 receives the
first bias voltage Vz, through the first bias line BL1. The drain
electrode DES of the second sensor transistor VST is electri-
cally connected to the second bias line BL.2 to receive the
second bias voltage V.

According to exemplary embodiments of the present
invention, the first sensors SN1 and the second sensors SN2
disposed on the second substrate 120 have been described, but
the structure of the first sensors SN1 and the second sensors
SN2 should not be limited thereto or thereby.

FIG. 6 is a plan view showing a position relation between
readout lines and data lines, and FIG. 7 is a cross-sectional
view taken along a line I-I' shown in FIG. 6.

For the convenience of illustration, in FIG. 6, the first
readout line RL1, the second readout line RL2, the third
readout line RL3 and the fourth readout line R[4 and red
color pixel R, green color pixel G, and blue color pixel B of
the second substrate 120 and the first data line DL1, the
second data line DL2, the third data line DL3, the fourth data
line DL4, the fifth data line DL35, the sixth data line DL5 and
the seventh data line DL7 and the first gate line GL1 and the
second gate line GL2 of the first substrate 110 have been
shown.

In addition, in FIG. 7, the same reference numerals denote
the same elements in FIG. 6, and thus detailed descriptions of
the same elements will be omitted to avoid unnecessarily
obscuring the present invention.

Referring to FIG. 6 and FIG. 7, the first gate line GL.1 and
the second gate line GL.2 are extended in the first direction
and arranged in the second direction, and the first data line
DL1, the second data line DL2, the third data line DL3, the
fourth data line DL4, the fifth dataline DL5, the sixth data line
DLS5 and the seventh data line DL7 are extended in the second
direction and arranged in the first direction.

One of the red, green, and blue color pixels R, G, and B is
disposed corresponding to an area between two data lines
adjacent to each other. As an example, the red color pixel R is
disposed corresponding to the area between the first data line
DL1 and the second data line DL2 and the area between the
fourth and fifth data lines DL.4 and DL5. The green color pixel
G is disposed corresponding to the area between the second
data line DL2 and the third data line DL3 and the area
between the fifth data line DLS and the sixth data line DL6. In
addition, the blue color pixel B is disposed corresponding to
the area between the third data line DL3 and the fourth data
line DL4 and the area between the sixth data line DL6 and the
seventh data line DL7.

For example, the first readout line RL1 and the third read-
out line R1.3 are disposed corresponding to the red color pixel
R, and the second readout lines RL2 and the fourth readout
line R4 are disposed corresponding to the blue color pixel B.
That is, when two readout lines are disposed per three pixels,
the two readout lines are disposed corresponding to the red
color pixel R and the blue color pixel B, respectively. How-
ever, in the case that the number of the readout lines is reduced
to one per three pixels, the readout line is disposed corre-
sponding to the blue color pixel B.
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In addition, the first readout line RL1 is disposed corre-
sponding to the area between the first data line D1 and the
second data line DL.2. For example, at least a portion of the
first readout line RLL1 may be disposed closer to a third center
line VL3, which divides the area between the first data line
DL1 and the second data line DL.2 into two portions, than the
first data line DL1 and the second data line DL2.

In a plan view, for example, when the distance between the
first readout line RL1 and the first data line DL1 and the
distance between the first readout line RL1 and the second
data line DL.2 are increased, the signal interference may be
reduced. However, since the first readout line R.1 is disposed
between the first data line DL1 and the second data line DL2,
the signal interference may be minimized when the first read-
out line RL1 is positioned corresponding to the third center
line VL3.

However, as shown in FIG. 6, since the first readout line
RL1 has the curved shape, at least the portion of the first
readout line RL.1 may be disposed corresponding to the third
center line VL3.

Similar to the first readout line RLL1, the second readout
line RL2, the third readout line RL3, and the fourth readout
line R[4 may be disposed similar to the first readout line RLL1.

Since the readout circuit 170 (shown in FIG. 2) detects the
touch position using the variation of the sensing signal, the
readout circuit 170 may not accurately generate the informa-
tion indicating the touch position when the sensing signal is
distorted by the signal interference.

However, each of the readout lines RI.1 to R[4 is disposed
corresponding to the area between the two adjacent data lines
to each other, in which the signal interference is relatively
small, and thus the sensing signal may be prevented from
being distorted by the signal interference.

FIG. 8 is a plan view showing a layout ofa second substrate
according to exemplary embodiments of the present inven-
tion.

Referring to FIG. 8, for example, a second substrate 120
includes first readout line RLL1, second readout line R1.2, third
readout line RL3 and fourth readout line R[4 extended in the
second direction and having a stripe shape.

For example, the second substrate 120 further includes red,
green, and blue color pixels R, G, and B. The red, green, and
blue color pixels R, G, and B are sequentially arranged in the
first direction.

The first readout line RL1 and the third readout line RL3
are disposed corresponding to the red color pixel R, and the
second readout line RL.2 and the fourth readout line R[4 are
disposed corresponding to the blue color pixel B.

The first readout line RL1 and the third readout line RL3
are extended in the second direction to be disposed corre-
sponding to a center line that divides the red color pixel R into
two portions. In addition, the second readout line R1.2 and the
fourth readout line RI4 are extended in the second direction
to be disposed corresponding to a center line that divides the
blue color pixel B into two portions.

FIG. 9 is a cross-sectional view showing a display appara-
tus according to exemplary embodiments of the present
invention.

Referring to FIG. 9, for example, a display apparatus 300
includes the display panel 100 displaying an image and a
backlight unit 250 disposed under the display panel 100.

Since the display panel 100 has been described in detail
with reference to FI1G. 1, FIG. 2, FIG. 3, FIG. 4, FI1G. 5, FIG.
6, FIG. 8, the detailed description of the display panel 100
will be omitted to avoid unnecessarily obscuring the present
invention.
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For example, the backlight unit 250 includes a circuit board
201 disposed under the display panel 100, a plurality of first
light sources 210 mounted on the circuit board 201 to emit the
first light having the infrared ray wavelength range, and a
plurality of second light sources 220 mounted on the circuit
board 201 to emit a white light.

The first light sources 210 and the second light sources 220
may be alternately arranged with each other on the circuit
board 201. As an example, as shown in FIG. 9, at least one of
the second light sources 220 may be disposed between two
first light sources 210 adjacent to each other. In addition, each
of the first light source 210 and the second light source 220
may include a light emitting diode.

For example, the white light emitted from the second light
sources 220 is incident into the display panel 100, and the
incident white light transmits through the liquid crystal layer
180 as shown in FIG. 3. The light transmittance of the liquid
crystal layer 180 is controlled by an electric field formed
between the pixel electrode 115 and the reference electrode
127. That is, the display panel 100 controls the transmittance
of'the white light by using the liquid crystal layer 180, thereby
displaying an image having desired gray scale.

For example, the first light emitted from the first light
sources 210 is incident into the display panel 100 and trans-
mits through the display panel 100. Since the first light trans-
mitting through the display panel 100 is not perceived by a
user, the first light may not have affect on the user to perceive
the image displayed on the display panel 100.

The first light emitted from the first light sources 210 is
partially reflected by plural layers disposed in the display
panel 100, and a portion of the first light may transmit through
the display panel 100. The first light transmitting through the
display panel 100 is emitted to the exterior, but the first light
may be reflected when the object (e.g., a finger) exists on the
display panel 100. Thus, the reflected first light may be inci-
dent again into the display panel 100 and detected by the first
sensor transistor IRT (shown in FIG. 3).

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A display apparatus comprising:

a first substrate comprising a plurality of pixels and a

plurality of first signal lines connected to the pixels, and

a second substrate comprising a plurality of sensors and a

plurality of second signal lines connected to the sensors,
the second signal lines extending in a first direction in
which the first signal lines extend, the second substrate
being spaced apart from and coupled to the first sub-
strate,

wherein each of the second signal lines is disposed

between two of the first signal lines of the first signal
lines,

wherein each of the second signal lines is disposed at a

position closer to a center line between the two adjacent
first signal lines than to the two adjacent first signal lines,
the two adjacent first signal lines are divided by the
center line,

wherein the first substrate or the second substrate further

comprises a plurality of color pixels, the center line
divides at least one color pixel of the color pixels into
two portions, and the second signal line overlaps with
the at least one color pixel,
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wherein the pixels are divided into a plurality of groups of
pixels, and

wherein for each group of pixels, two-thirds (34) of the are
of the group of pixels is disposed between two adjacent
second signal lines of the second signal lines disposed in
association with the group of pixels.

2. The display apparatus of claim 1, wherein each of the
second signal lines is positioned at a position corresponding
to the center line.

3. The display apparatus of claim 1, wherein

the pixels are divided into a plurality of groups, each group
comprises three pixels successively arranged in a second
direction substantially perpendicular to the first direc-
tion; and

at least one second signal line of the second signal lines is
disposed corresponding to each group.

4. The display apparatus of claim 3, wherein the first sub-
strate or the second substrate further comprises a red color
pixel, a green color pixel, and a blue color pixel correspond-
ing to the respective three pixels.

5. The display apparatus of claim 4, wherein the at least one
second signal line is disposed corresponding to the blue color
pixel.

6. The display apparatus of claim 4, wherein two second
signal lines of the second signal lines are disposed corre-
sponding to each group, and the two second signal lines are
disposed corresponding to the red color pixel and the blue
color pixel.

7. The display apparatus of claim 6, wherein

the sensors comprise a plurality of first sensors to detect an
infrared ray and a plurality of second sensors to detect a
visible ray; and

the first sensors are alternately arranged with the second
sensors in the first direction and in the second direction.

8. The display apparatus of claim 7, wherein one of the two
second signal lines is connected to the first sensors and a
remaining one of the two second signal lines is connected to
the second sensors.

9. An apparatus comprising:

a first substrate comprising a plurality of pixels, a plurality
of gate lines configured to turn on the pixels in at least
one row unit, and a plurality of data lines configured to
apply a data signal to the turned on pixels; and

a second substrate comprising a plurality of sensors, a
plurality of'scan lines configured to turn on the sensors in
at least one row unit, and a plurality of readout lines
configured to read out a signal from the turned on sen-
sors, the second substrate being spaced apart from the
first substrate,

wherein each of the readout lines is disposed between two
adjacent data lines of the data lines,

wherein each of the readout lines is disposed at a position
closer to a center line between the two adjacent data lines
than to the two adjacent data lines, the two adjacent data
lines being divided by the center line,

wherein the first substrate or the second substrate further
comprises a plurality of color pixels, the center line
divides at least one color pixel of the color pixels into
two portions, and the second signal line overlaps with
the at least one color pixel,

wherein the pixels are divided into a plurality of groups of
pixels, and

wherein for each group of pixels, two-thirds (34) of the area
of the group of pixels is disposed between two adjacent
readout lines of the readout lines disposed in association
with the group of pixels.
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10. The display apparatus of claim 9, wherein each of the
readout lines is positioned at a position corresponding to the
center line.

11. The display apparatus of claim 9, wherein:

the pixels are divided into a plurality of groups, each group
comprises three pixels successively arranged in a second
direction substantially perpendicular to the first direc-
tion; and

at least one sensor of the sensors and at least one readout
line of the readout lines are disposed corresponding to
each group.

12. The display apparatus of claim 11, wherein the first
substrate or the second substrate further comprises a red color
pixel, a green color pixel, and a blue color pixel correspond-
ing to the respective three pixels.

13. The display apparatus of claim 12, wherein the at least
one readout line is disposed corresponding to the blue color
pixel.

14. The display apparatus of claim 11, wherein:

two readout lines of the readout lines are disposed corre-
sponding to each group; and

the two readout lines are disposed correspond to the red
color pixel and blue color pixel.

15. The display apparatus of claim 14, wherein:

the sensors comprise a plurality of first sensors to detect an
infrared ray and a plurality of second sensors to detect a
visible ray, and

the first sensors are alternately arranged with the second
sensors in the first direction and in the second direction.

16. The display apparatus of claim 15, wherein one of the
two readout lines is connected to the first sensors and a
remaining one of the two readout lines is connected to the
second sensors.

17. The display apparatus of claim 9, further comprising a
backlight unit disposed at a rear surface of the first substrate
to emit a light.

18. The display apparatus of claim 17, wherein:

the backlight unit comprises a first light source to emit a
first light having an infrared ray wavelength range and a
second light source to emit a white light; and

the sensors comprise a plurality of first sensors to detect the
first light.

19. The display apparatus of claim 18, wherein the sensors
further comprise a plurality of second sensors to detect a
second light having a visible ray wavelength range.

20. A display, comprising:

a plurality of gate lines disposed in a first direction;

a plurality of data lines disposed in a second direction

crossing the first direction;

a plurality of readout lines comprising first readout lines
and second readout lines disposed between the data lines
the readout lines being disposed in the second direction;
and

groups of pixels, each group of pixels comprising a red
pixel, a green pixel, and a blue pixel, wherein, for each
group of pixels, a first readout line of the first readout
lines is disposed in the red pixel of the group to divide a
display area of the red pixel into two portions and a
second readout line of the second readout lines is dis-
posed in the blue pixel of the group to divide a display
area of the blue pixel into two portions, and

wherein for each group of pixels, two-thirds (34) of the area
of the group of pixels is disposed between the first read-
out line and the second readout lines disposed in asso-
ciation with the group of pixels.
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